ABSTRACT the conventional cellular DS-CDMA systems using centralized BS antennas. The proposed distributed antenna cellular DSIn this contribution we propose and investigate a high-capacity CDMA system is capable of providing a platform for possibly cellular DS-CDMA wireless communications system, where integrating the conventional cellular systems into the future adnumerous antennas are distributed in the area covered by the vanced, high-flexibility, ad-hoc and cooperative wireless netsystem. The bit error rate (BER) performance of the dis-works. Furthermore, it may provide an unification platform for tributed antenna cellular DS-CDMA system is investigated, finally merging both wireless communications and wired comwhen transmission pass-loss, lognormal shadowing slow fad-munications into one, so that high-flexibility and high-quality ing and Nakagami-m fast fading are considered. Our investiga-services are available anytime and anywhere. tion and numerical results suggest that the distributed antenna cellular DS-CDMA system constitutes a high power-efficiency 1. CELLULAR DS-CDMA SYSTEM WITH DISTRIBUTED wireless system. For utilizing the same set of system param-ANTENNAS eters, it is capable of providing an extremely higher capacity, than the cellular DS-CDMA system built on the conventional A. System Description cellular concepts.
tion and numerical results suggest that the distributed antenna cellular DS-CDMA system constitutes a high power-efficiency 1. CELLULAR DS-CDMA SYSTEM WITH DISTRIBUTED wireless system. For utilizing the same set of system param-ANTENNAS eters, it is capable of providing an extremely higher capacity, than the cellular DS-CDMA system built on the conventional A. System Description cellular concepts.
The novel concepts of the proposed cellular DS-CDMA system using distributed antennas can be well-described with the aid of I. INTRODUCTION Fig. 1 . It is well-known that, in conventional cellular systems, each cell is centered around a BS, which may employ a set Among radio technologies, multiple-input-multiple-output of antennas. By contrast, in the proposed distributed antenna (MIMO) systems using multiple transmit and/or receive anten-aided cellular systems, as shown in Fig. 1 , each cell has nunas have attracted wide research interests in recent years [1] . In merous sets of antennas, which are distributed within the area this contribution a cellular DS-CDMA system using distributed covered by a cell and are connected to the BS using optical antennas is proposed and investigated, where a big number of fiber. In the distributed antenna cellular systems of Fig. 1 , the antennas are distributed in the area covered by the system. We antennas near the borders may be connected with two or three consider the DS-CDMA technique, since it has been a typical BSs, so that soft handoff can be achieved. In more details, as multiple-access scheme in the second and third generations of shown in Fig. 1 , each of the antennas within the dash-dotted wireless communications systems [2] , and without any doubt, box are, respectively, connected with BS, and BS2 of Cell 1 it will constitute an important candidate in the future gener-and Cell 2, while the antennas within the dashed circle at the ations of wireless communications systems. In the proposed conner jointing Cells 1, 2 and 3 are all connected with BS1, distributed antenna cellular DS-CDMA system, the distributed BS2 and BS3 of these cells.
antennas are connected with a number of signal processing cenIn the considered distributed antenna system, for the conters, which are referred to as base-stations (BSs), using optical venience of analysis, we assume that the cells are shaped as fibers. Note that, the reason for emphasizing optical fible in-hexagons with the common radius of R. We assume that any stead of wireless for implementing communications between a pair of adjacent antennas are separated by a distance of r. distributed antennas and BSs is mainly for the sake of saving Hence, each antenna is surrounded by numerous distributed anthe highly limited wireless resources. Additionally, we still use tennas located at the corners of the layered hexagons. Specifthe concept of BS, however, it is now rather a signal process-ically, for the antenna marked as A3 in Fig. 1 , the first layer ing center than a conventional BS. The antennas at the BS of has six antennas, the second layer has 12 antennas including the proposed system are assumed have no priority in compari-the antenna located at BS,, and so on. Note that, the structure son with the other distributed antennas. The BS is responsible of Fig. 1 is sufficiently general for approximately modeling the for the signal processing of the users within the area, which is distributed antenna systems having an arbitrary antenna dencovered by the distributed antennas connected with this BS.
sity. This can be done by appropriately changing the radius
In this contribution we first describe the distributed antenna value of R in Fig. 1 . cellular DS-CDMA system. Then, the BER performance of the In distributed antenna systems as shown in Fig. 1 , we assume cellular DS-CDMA system using distributed antennas is inves-that the distributed antennas only implement the functions of tigated, when the simplest correlation detector is employed [3] . conveying a signal from radio frequency (RF) to baseband or The BER performance is analyzed and evaluated, when com-from baseband to RF, in order to make the computation burden municating over composite lognormal shadowing slow fading at a distributed antenna as low as possible. The above assumpand Nakagami-m fast fading channels associated with trans-tion might be due to the size constraint of the distributed anmission pass-loss. Our study shows that, in the distributed tennas and the constraint arising from some supported signal antenna cellular DS-CDMA system, the detection is location processing. For example, when advanced multiuser detection dependent. It is suggested that the distributed antenna cellular (MUD) is employed, information associated with each mobile DS-CDMA system constitutes a high power-efficiency wireless terminal (MT) and with each antenna should be shared by any system. When using the same set of system parameters, the individual processor. In this case, using distributed processing proposed distributed antenna cellular DS-CDMA system is ca-in the context of each distributed antenna would require an expable of supporting an extremely higher number of users, than tremely powerful network for conveying the information timely [5] , where (slow) shadowing can be described by a lognormal distribution [5] , while (fast) fading by a Rician or Nakagami-m distribution [6] . Specifically, in this contribution frequency non-selective Nakagami fading [6] is used to model the fast fading.
Let MTo be the reference terminal and assume that the signal r 4D 40 0-1-0 0 0 transmitted by the reference terminal MTo is being detected.
The reference terminal MTo randomly moves within the triangle area with three antennas at its corners. For example, Figure 1 : A conceptual cellular DS-CDMA system structure with distributed MT C in Fig 1 randomly (2) ing (BPSK) baseband modulation, the transmitted DS spread spectrum signal, say by the kth MT, can be expressed as where nu(t) is the complex-valued additive white Gaussian noise (AWGN) received by the uth receive antenna, which has Sk(t) = 2Pbk(t)ck(t) cos (27frt + Ok) (1) zero-mean and a single-sided spectrum density of No per dimension, Tk represents the channel delay associated with asynwhere P is the user's transmitted power, fJ is the carrier fre-chronous transmission and propagation, which is assumed to quency, while Ok denotes the initial phase angle associated be uniformly distributed within [0, Tb). Furthermore, in (2) hku with the carrier modulation. The data stream's waveform represents the channel gain with respect to MTk and the uth anbk (t) = EZ Q bk [n] PTb (t -nTb) consists of a sequence tenna. The channel gain hku takes into account both shadowing of mutually independent rectangular pulses of duration Tb and and fading. Hence, it can be expressed as of amplitude of +1 or -1, where Tb is the bit duration. Finally, in (1) Ck(t) =E_ ck'T,(t -j'T) denotes the signature hkj =3ukuek 7 (3) sequence waveform of the kth user, where Ckj assumes values of +1 or -1 with equal probability, while FTC (t) is the chip where, without loss of any generality, the initial phase seen in waveform, which is defined over the interval [0, T,) and has the (1) and the phase due to channel have been absorbed into Oku, property of foT T, (t)dt = T, and 0ku is assumed to be uniformly distributed in [0, 2X). In (3) Note that, in this contribution we assume that each MT em-/3ku represents the lognormal shadowing factor, accounting for ploys only a single antenna, which is sufficient for fulfill our large scale geographical variation, while aEkt, represents the fast objectives by focusing on the issues of the distributed antenna fading envelope. We assume that the transmission pass-loss is systems. However, our investigation can be extended to the dis-absorbed in the shadowing factor Qkl, so that the mean-square tributed antenna systems that use multiple MT antennas aided value of aEkt is unit, i.e., Q F [ce] 1. Furthermore, we by some advanced transmit and receive schemes [4] . Fur-assume that /3k and aEkt are mutually independent and both of thermore, we assume that the distributed antenna cellular DS-them are also independent of Oktl.
CDMA uses no power-control. This is because, as shown in Since the fast fading aEkt is modeled by Nakagami-m distri- Fig. 1 , no matter where a MT is, it communicates with a num-bution, hence, c{ku is Gamma distributed with the probability Antennas in the that the element nXm in n is a complex Gaussian random vari- (1) through a bank of filters matched to the chip-waveform pulse which collects all the samples from the U antennas related to of FTC (t). Then, the outputs of the matched-filters are sampled the detection of MTo. Then, y can be expressed as at a rate of I /Tc. Hence, in correspondence with each data bit, 
Rk diag {RV,(vk1),RV,(vk2),. , RX(vi.u)} (15) be the N-length observation vector and noise vector corre-where Hkt, =hktlI2. Let us now discuss the detection in dissponding to the uth antenna. According to (6), we can know tributed antenna cellular DS-CDMA systems.
III. LOCATION-AWARE DETECTION AND BIT ERROR RATE
In this section we investigate the location-aware detection in the distributed antenna cellular DS-CDMA systems, where a 100 tion (x, y) can be computed efficiently using a Gauss-Hermite quadrature integration [7] , expressed as uF/2U n area shown in Fig.31 , which shows the antennas within the vir- sumed, the average SNR at the receiver is usually used. Due to the transmission path-loss, it can be readily show that the SNR where w7 i and y are independent of 0, which can be found in measured at the transmitter side is significantly higher than that [7] . 
